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ABSTRACT
The mechanism of the stress corrosion cracking of high strength
aluminum alloys has been investigated using electrochemical, mechanical
and electron microscopic techniques. Experiments have been carried out
in 1M NaCl buffered to pH 4.7 at 30°C, using the commercial alloys 7075
r
and 2219 and relevant pure materials. The feasibility of detecting stress
corrosion damage in fabricated aluminum alloy parts by nondestructive
testing techniques has been investigated using ultrasollic surface waves
(Rayleigh waves).
The fractography of large grained samples of A1-7.5-Zn-2.4 Mg
deformed in air has been studied with the scanning electron microscope.
Studies were made in the (1) underaged, (2) the maximum susceptibility,
and (3) the overaged tempers. In condition (2), the striations on the
fractured surfaces are coarser than in either conditions (1) or (3). This is
consistent with restricted slip theories of Holl and Speidel. The spacing
of the striations is in quantitative agreement with Speidel' s theory. How-
ever, these striations are not purely slip markings, and it seems likely
that they result from the presence of underlying periodic stress concen-
trations. Other markings, having the appearance of true slip lines, are
found in regions where other evidence (chevron and river patterns) indicates
cleavage fracture.
Transmission electron microscopy was used to study the mechanism
of dissolution of freely corroding AI-4 Cu. Magnifications of about 100, OOOX
were used to explore the precise features of the process. Attack is most
prominent near the CuAl 2
 precipitate particles. Spherical particles,
approximately 100 A in diameter, are found near the CuAl2 precipitates.
Y
These particles, which appear to be ,areas of redeposited copper, are not
found before corrosion and do not have the morphology of CuAl 2. The
observations point to a mechanism of attack similar to that reported by
Pickering nd Swann for Cu-Au all oys.Y
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The corrosion of Al-Zn-Mg has been investigated in NaCI and
Na 2SO4 solutions buffered at pH 4.7. For the pure ternary (A1-7.5 Zn-2.4
Mg), the ease of corrosion in Cl solutions decreases as we proceed from
the solutionized to the maximum susceptibility to the overaged tempers. In
all three forms, the dissolution occurs much more readily than that of
7075. In addition, in the overaged condition, a secondary passivation effect
F	 is observed at about -680 m y vs. NHE. In SO4 solutions, the overaged
form of the pure ternary is much more readily attacked than the solutionized
form and both are more readily attacked than 7075 or pure Al. It is shown
that the differences between the pure ternary and 7075 result from the
presence in the latter of Cu. An explanation of the effects of aging and of
Cu on the corrosion of pure ternary is presented. This involves the effects
of incorporation of Mg and/or Zn and/or Cu in Cl -formed Al 20  films
and SO4 -formed films.
There are no significant differences in macroscopic mode of attack
with temper; i. e. there is no evidence for preferential intergranular attack
in stress corrosion susceptible tempers.
The stress corrosion of 7075 in NaCl buffered to pH 4. 7 has been
further explored. The difference in stress corrosion behavior when the
highly susceptible -T6 temper is aged to the nonsusceptible -T73 temper
has been explored. During the first 6 hours of overaging the tensile strength
increases slightly. Subsequently, it declines sharply. The normal time to
failure is about 15 minutes in the -T6 temper and decreases slightly during
the first 6 hours of overaging. Subsequently the normal time to failure
increases rapidly with overaging, becoming ti 3, 000 minutes after 18 hours
of overaging. The true period of stress corrosion is about 5 minutes in the
-T6 temper. In the first 6 hours of overaging it remains approximately
w	 constant. Then, it decreases. This demonstrates that the improvement in
stress corrosion resistance as we proceed from -T6 to -T73 is not the
► 	 result of an improvement in resistance to true stress corrosion. Examina-
tion of pits formed in the stress corrosion tests shows that the improvement
in resistance to stress corrosion results from an improvement in the
mechanical properties of the alloy so that it is less sensitive to the effects
of pure corrosion (notch sensitive).
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In some tempers unusual protection effects subsequent to periods
of cathodic protection have been found.
The feasibility of detecting stress corrosion damage in fabricated
parts with ultrasonic surface waves was studied. Experiments were made
with 7075 and 2219. With 7075 there is always an incubation period, cor-
responding to corrosion of about 0. 2 coul/cm , before there are noticeable
effects on Rayleigh wave attenuation. This same incubation period is found
for stress corrosion at both 607 and 907 of the yield strength. Since the
lifetime at 607 of the yield strength is much longer than at 907 of the
yield strength, the detection'of stress corrosion damage is effectively
much earlier at the lower stress. After this incubation period, attenuation
increases approximately linearly with further stress corrosion.
There is little if any incubation period for the detection of stress
corrosion cracking on the surface of 2219. The increase in attenuation on
2219 with stress corrosion is"somewhat dissimilar from that for 7075. Thus,
the attenuation on 2219 appears to increase step-wise with increasing stress
corrosion. Detection on 2219 is very early but some difficulties have been
experienced in defining the exact lifetime for this alloy since the failure
is discontinuous and samples do not fail in an abrupt manner. Micrographs
of the surface indicate little general galvanic corrosion for 2219 during
stress corrosion tests.
The resolution of 4 MHz Rayleigh waves for detecting stress corrosion
damage is discussed.
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SECTION A
INTRODUCTION
The aims of this research program are to investigate the
mechanism of stress corrosion cracking (SCC) of aluminum alloys
and to examine nondestructive testing techniques for detecting SCC
in fabricated parts.
For phase I (the mechanism study) we have concentrated on the
commercial alloy systems 7075 and 2219, with ancillary work on pure
alloys and phases. The approach has been to investigate in detail the
physical and structural metallurgy of the materials and also their
corrosion characteristics. This is being implemented by the following
specific subprojects:
1. Detailed studies of the corrosion of 2219 and 7075 and their
relevant constituent phases, as well as appropriate pure alloys.
Results are mainly presented in section C of this report.
2. Correlation of microscopic metallurgy (physical structure,
details of corrosion and deformation) with stress corrosion
susceptibility. These studies have been done with pure alloys.
3. A quantitative study of the stress corrosion of commercial
and pure a llo s. These experiments are described in section C.
For phase II (the detection with nondestructive techniques of stress
corrosion damage) studies have been made on 7075-T6 and 2219-T37. Four
MHz Rayleigh waves have been used for this investigation. It has been shown
that these waves are uniquely sensitive to stress corrosion, much more so
than to other surface defects and to general corrosion. Results are pre-
sented in section D of this report.
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Proposed work for the next quarter is summarized in section E.
For convenience of presentation, the figures are numbered con-
secutively within each section of this report and the references for each
individual section are listed at the end of that section.
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SECTION B
METALLURGICAL CHARACTERIZATION OF ALUMINUM ALLOYS
I. INTRODUCTION
During this quarter the mechanical property characterization
R	 has been concentrated on the examination of the fracture surfaces of
Al-7.5 Zn-2.4 Mg alloys. This has been done because there is evidence
that the striations or other markings which have been observed on these
surfaces are fundamentally related to the intercrystalline brittleness of
these alloys. Thus, there exists considerable current interest in the
exact type and nature of these markings. In particular, they may give
indication as to which of several available theories of the cracking process
is the most valid. The present study supports the hypothesis that cracking
of Al-7.5 Zn-2. 4 Mg is a mechanical process induced through a combination
of low grain boundary cleavage energy and the stress multiplication effect
induced by planar arrays of dislocations.
The transmission electron microscopy study of the electrochemical
corrosion process in Al-4 Cu has given evidence of a tubular corrosion
mechanism similar to that proposed by Pickering and Swann(l).
II. SCANNING ELECTRON MICROSCOPY: EXAMINATION OF FRACTURE
SURFACES
Although scanning electron microscopes were first constructed in
the late 1930's it has only been within the past few years that the develop-
ment of these instruments has enabled them to be used successfully(2).
Unlike the transmission electron microscope, which relies on the relative
intensity of transmitted electrons to form an image, the scanning microscope
utilizes the intensity of the back scattered electrons induced by a scanning
electron beam. Hence, 'using this latter method it is unnecessary to have
thin specimens. The principal advantage of this type of microscope is the
very great depth of field and the variable contrast which can be obtained,
even at high magnification. Hence, it is the ideal tool for investigating
fracture surfaces.
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The experimental details of this study are as follows: Specimens
of Al-7.5 Zn-2.4 Mg were prepared in three different stages of precipita-
tion -- (1) underaged, (2) aged to maximum susceptibility, and (3) overaged.
These conditions were reached by three different heat - treatments: (1)
•	 heating for 24 hours at 100°C, (2) heating for 72 hours at 100 °C, and (3)
heating for 16 hours at 150 ° C, respectively. In each case the specimens
were first solution heat - treated at 480°C for 6 hours and then water
quenched. After heat-treatment, the specimens were fractured in air,
with no exposure to any solution environment.
Figures B. 1(a), B. 1(b) and B. 1(c) show typical surface features
characteristic of the three conditions, with (a), (b), and (c) corresponding
to heat-treatments (1), (2) and (3), respectively. This sequence of photo-
graphs shows very clearly that in condition (2), in which the alloy is most
susceptible to stress corrosion, the surface striations are coarser than
in either conditions (1) or (3). Indeed, in condition (3) the striations are so
faint as to be almost invisible. This observation is consistent with the
theory of Holl(3) and of Speidel(4)
 that at maximum susceptibility the dis-
locations are most clearly aligned in planar arrays. This is so because
such arrays would be expected to become more diffused as they become
finer or alternatively more distinct as they become coarser. Quantitatively,
the data of Speidel shows that at the maximum susceptibility condition, the
spacing of markings should be on the order of 1 to 5 microns; this is
approximately the same as that of the markings in Fig. B. 1(b). It is apparent,
however, that these markings are not purely slip markings. This can be con-
cluded because of the rounded diffuse appearance of these lines and their
lack of sharp termination. Because their relative spacing is in agreement
with that otSpeidel, it is likely that these striations are surface ripples
induced by the presence of underlying periodic stress concentrations. It is
significant also that there are no features characteristic of rapid cleavage
(such as chevron markings or river patterns) in the regions where these
ripple markings appear. This would indicate that ripple markings occur
only where the fracture was slow. This observation tends to support the
- 4 -
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Fig. B. 1(a) Fracture surface of Al-7. 5 Zn-2. 4 Mg aged for 24 hours
at 100° C. 160OX
Fig. B. 1(b) Fracture surface of Al-7. 5 Zn-2. 4 Mg aged for 72 hours
at 1000 C. 160OX
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Fig. B. 1(c) Fracture surface of Al-7. 5 Zn-2. 4 Mg aged for
16 hours at 150°C. 160OX
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proposal of McEvily and Bond(5)
 that these markings are associated
with periodic rupture, though not necessarily rupture of an oxide film.
The striations discussed here are not of the same type as those
shown in Fig. B. 6 of the Fifth Quarterly Report. The markings shown
in that figure had a spacing on the order of 0.02 mm whereas the
markings shown in Fig. B. 1(b) have a spacing on the order of 5 microns.
Also, the large striations were far more crystallographic and regular.
It now appears certain that the large striations of Fig. B. 6 do represent
slip lines and that this is the reason why, as reported previously, they
are present only on a few percent of the fracture surfaces. That is, only
a very few of the grain boundaries are of sufficiently small angle that a
large slip step on one facet can initiate a corresponding large slip step
on the matching fracture facet. Thus, if the grains do closely match,
large slip steps can form. This reasoning accounts also for the nearly
enantiomorphic relationship of the large markings, as shown in Fig. B. 6
in the Fifth Quarterly Report. On a fine scale this enantiomorphic rela-
tionship can exist regardless of relative grain orientation if the fine
markings correspond to an interrupted fracture process and to a rippling
in the two opposing surfaces. Such rippling can occur regardless of
relative grain orientation. In the case of the formation of large slip steps,
however-, there must be very close alignment of the grains in order that
the large discontinuities can be accommodated across the fracture interface.
Other markings, in addition to the linear slip lines and ripple
markings described above, were also observed. First, of course, river
markings typical of cleavage fracture were frequently seen, as shown in
Fig. B. 2(a). Such markings are commonly observed under the optical
microscope, e. g. in Fig. B. 5 of the Fifth Quarterly. The nature of these
markings is well-known and they have been extensively discussed elsewhere(6).
They have their origin in the development of an instability in the cleavage
fracture front, the instability being nucleated through inhomogeneities, such
as subgrain boundaries. These markings are not usually associated with
slip. However, Fig. B. 2(b) is a very high magnification photomicrograph of
the central region in Fig. B. 2(a), which shows slip lines in the background
- 7 -
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Fig. 13. 2 Cle,, mige river- mat-kings on Al-7. 5 Zn-2. 4 Mg aged for
72 hours at 100"C: (a) 1000X, (h) M)OX.
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running between the river markings. Further evidence of a fine slip
network is shown in Fig. B. 3. This photograph, taken from a specimen
in the maximum susceptibility condition, shows very clearly a high
density of classical chevron markings that, along with river markings,
are indicative of rapid cleavage fracture.
In the background of Fig. B. 3 an array of distinct slip lines can
be seen. This result is typical of the fracture surface. Another example
is shown in Fig. B. 4. That is, distinct slip markings are only found in
regions where other evidence, i. e. chevron and river markings, indicate
that rapid crack propagation is taking place. As noted previously, ripple
markings are only found in regions where no such evidence of rapid frac-
ture is seen. This observation is consistent with the assumption that ripple
markings are the result of periodic stress relaxation at the crack tip
because any fracture mechanism associated with such a periodic process
would be expected to be slow.
On the basis of this study, one may now identify three types of
surface features: (l) classical river and chevron markings typical of fast
cleavage fracture, (2) both coarse and fine slip markings, and (3) surface
ripple markings associated with slow fracture. Of these three, type (1)
markings are classical and well-known and types (2) and (3) provide evi-
dence for the existence of planar arrays of dislocations as proposed by
ljoll(3) and Speidel(4) . The absence of any features characteristic of
fast failure in association with the ripple markings supports the assumption
of McEvily and Bond(5)
 that these markings are associated with stress
relaxation and periodic fracture.
III. TRANSMISSION ELECTRON MICROSCOPY: STUDY OF CORROSION
MECHANISMS IN Al-4 Cu
This investigation was aimed at determining the dissolution
mechanisms which operate not only at grain boundaries, but also at
grain interiors. Thin foil specimen preparation was carried out as
described previously. All specimens were of Al-4 Cu solution heat-
treated for six hours at 480°C and quenched. Tliis was followed by aging
-9-
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to maximum hardness through reheating to 200°C for 20 hours.
Corrosion treatments were carried out by allowing the specimen
to corrode freely in solutions of IM NaCl containing 17 H 2O2. This
solution was substituted for the buffered solution in order to accelerate
the corrosion processes and decrease the exposure times for the foils.
Previous results at relatively low magnifications (usually
18. SOOX or 37, 000X) have demonstrated that in Al-4 Cu, it is the
depleted zone which is attacked first. The object of the present experi-
ments was to examine in finer detail the dissolution process by preparing
ultra-thin specimens on which extremely high (greater than 100, OOOX)
magnifications could be used while still retaining sufficient intensity for
observations to be made.
Figures B. 5(a) and B. 5(b) show the resulto obtained from a
specimen after corrosion for 5 minutes. In Fig. B. 5(a) the corrosion
attack can be very clearly seen to be concentrated in the area between
the grain boundary precipitate particles. In fact, the grain boundary
line itself has disappeared. The original boundary ran vertically between
the two large CuAl 2 particles shown. Figure B. 5(b) is a still higher mag-
nification photograph of the edge of the particle shown in the center of
Fig. B. 5(a). In Fig. B. 5(b) the corrosion attack can be seen to have
started along the edge of the particle. Also visible in this photograph
are spherical particles approximately 80 to 100 R in diameter.
These particles do ,not have the acicular morphology of as -preci -
pitated CuAl2 particles and their presence, near the massive CuAl 2 grain
boundary precipitate indicates that they are probably areas of redeposited
copper. They could not have resulted from the heat - treatment because
they would not be stable in the depleted zone. That is, small regions of
high copper content would not be stable during heat - treatment near a large
Cu.Al2 particle, since such a particle depletes the surrounding matrix of
the solute element, in this case copper. Hence, it is very probable that
these small particles were formed by the corrosion process, probably
through a solution and redeposition mechanism.
- 12 -
(a)
(b)
Fig.	 5 Corroded boundary in AIA Cu aged 20 hours at 200°C:
(a) 100, OOOX, (b) 250, 000X.
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Further evidence of solute redistribution caused by the corrosion
process is shown by the high magnification photograph of Fig. B. 6(a).
This electron micrograph provides the strongest evidence yet presented
for solute redistribution during the corrosion of aluminum copper alloys.
•	 This photograph shows acicular particles of CuAl 2 lying at right angles to
one another. Thus, the plane of the photograph is the (001) plane. Between
these particles lie dark circular copper rich areas. These areas correspond
almost exactly in appearance to the structure observed by Pickering and
Swann for the anodic dissolution of copper-gold alloys when these alloys
were exposed to solutions which caused cracking. Such structures were
not observed under noncracking conditions. The interpretation of the
pattern shown in Fig. B. 6(a) is then that Al-4 Cu alloys corrode by a
localized pitting mechanism in which the anodic pit base corrodes prefer-
entially with the redeposition of copper along the pit rim to form the
circular dark rings. This is essentially the model proposed by Pickering
and Swann, which is illustrated in Fig. B. 6(b).
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SECTION C
CORROSION AND STRESS CORROSION OF ALUMINUM ALLOYS
I. INTRODUCTION
In this section we discuss experiments to explore the corrosion
and stress corrosion of aluminum alloys.
In the corrosion experiments emphasis has been put on the
behavior of the Al-Zn-Mg system and the effect of added Cu. Results
are presented in part II of this section.
Most of the stress corrosion experiments have been concerned
with separating the effects of pure corrosion in 7075. Results are given
in part III of this section.
II. CORROSION IN THE Al-Zn-M¢ SYSTEM
The pure ternary alloy (A1-7.5 Zn-2.4 Mg) has been investigated
via anodic polarization curves in Cl - anj SO4 (Figs. C. 1 and C. 2) and
galvanostatic corrosion as a function of heat treatment. The alloy was
kindly supplied to us in the form of 40 mil sheet by Dr. D. O. Sprowls
of Alcoa. Discs 0.25" diameter were punched f- ,;•om strips of this sheet
which had been rolled to ca. 25 !nil. These discs were solutionized by
heating at 480'C for 7.5 hours. One portion of the solutionized material
was further heat-treated at 100'C for 72 hours to arrive at the maximum
susceptibility state, and another portion at 150°C for 24 hours to attain
the overaged condition. All heat treatments were carried out under an
atmosphere of argon.
The heat treated disc it were then affixed to "electrode blanks" with
silver epoxy resin as described in previous reports. Polishing involved
several grades of silicon carbide terminated by lµ diamond. Electrochemical
measurements were performed, as usual, under an atmosphere of deoxygenated,
high purity hydro&; n. Current readings in the polarization measurements
were taken within 2 minutes after each increment in applied potential. The
- 17
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polarization curves recorded in Figs. C. 1 and C. 2 are, as has been
thetast to all of the other materials investigated, the average or
most typical of those obtained. Potential increments applied were 10 my
for anodic determinations in Cl and 200 m y for anodic in SO4.
Specimens were galvanostatically corroded at 2. 1 ma for 500 sec
and 21 ma for 50 sec, the same routine employed for the other materials
studied.
Open circuit potentials were fairly reproducible in Cl averaging
-741 + 1 my (vs. NHE) for solutionized, -729 + 3 for maximum suscep-
tibility, and -722 + 15 for the overaged material. In sulfate, the values
were -650 m y for the solutionized and -710 m y for the overaged. In
chloride, the open circuit potential shifted to more negative potentials
following anodic dissolution. The ex;"?nt of this shift in Cl was found to
be a function of both the heat treatment and the magnitude of currents
involved; it increased with amount of corroded charge and decreased with
the degree of aging. The average open circuit values following the galva-
nostatic and potentiostatic anodizations have been summarized in Table C. I.
The quantity of charge involved during the polarization measurements was,
of course, impossible to keep constant but was much greater than that
involved in the galvanostatic studies.
The differences between the anodic polarization behavior of the
solutionized and maximum susceptibility forms of AI-Zn-Mg in Cl are
slight. The former is slightly more active, as can be seen from the
relative positions of the two current-potential curves. The overaged
material differs significantly from the other two. As is seen in Fig. C. 1,
the polarization curve for the overaged alloy lies ca. 70 my
 positive to
that for the solutionized alloy, although still considerably more negative
than the curves for pure aluminum and the commercial 7075 alloy.
A second feature of interest is the passivation phenomenon which
occurs at -680 + 5 my vs. NHE. Because of the narrowness of this region
as well as the long time effects involved, this passivation could be missed
if either large potential increments or other than very slow voltage sweeps
-20-
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TABLE C. 1
Open Circuit Potentials Before and After Anodic Polarization
in pH 4.7 C1
Eo after Eo after Fo after
2. 1 ma/cm 2 21 ma jcm2 Anodic i -E
Initial E° for 500 sec. for 50 sec. Determination
MgZn2 -865 t 5 -865 - 865 -865 t 5
Al -680 t 25 -600 t 50
7075-T73 -528 ± 10 -550 -582 -560 ± 10
7075-T651 -570 t 30 -600 -674 -650
Pure Ternary:
Solutionized -741 ± 1
Max. Susceptibility -729 ± 3
Overaged -722 ± 15
Ternary:
With copper
solutionized -586
Overaged -528
Without copper
Solutionized -760
Overaged -645
-930 -930 -1012 ± 12
-750 -800 -923 ± 25
-810 -810 -819 ± 35
-688
-670
-790
-726
t
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were employed. Periods of time in excess of 3 minutes were required
for the current to decay from its peak value to a steady minimum value.
Only that portion of the curve on the positive side of the minimum could
be reproduced upon reversing the direction of the applied potential, as
Seen in Fig. C. 3.
Film formation was observed on all three forms of the alloy during
anodization in chloride. This is evident in the photomicrographs of
specimens following anodic polarization determinations, Figs. C. 4, C. 6,
and C. 8, and following the galvanostatic anodization, Figs. C. 5, C. 7, and
C. 9, for the solutionized, maximum susceptibility, and overaged materials
respectively.
The anodic film was patchy on all the solutionized specimens as
can be seen in Figs. C. 4 and C. 5. Pitting, though largely obscured by the
film, is evident. The pits were very small and visible only at relatively
high magnifications. The oxide film on the solutionized material was dis-
tributed randomly in patches, and neither grain boundaries nor the grains
themselves were observable.
The situation was considerably different for the two aged forms.
Larger pits occurred in the maximum susceptibility form. While irregular
in shape, for the most part, abrupt termination at grain boundaries did
result in a somewhat regular appearance in some cases, as seen in Fig. C. 6.
The film was not as dense on specimens anodized galvanostatically (Fig. C. 7).
Variation in the texture of the film with, presumably, grain orientation
yielded a mosaic-like pattern. It is interesting to note that areas existed 	 f
which were completely free of oxide. The oxide - free areas, visible in
Fig. C. 7(a), could have resulted from detachment of pieces of the film,
although the very regular shape of most of these areas suggests a crystallo-
graphic influence.
The corroded overaged specimens (Figs. C. 8 and C. 9) differed
substantially in appearance from the solutionized and maximum suscep-
tibility materials. Pitting was more extensive, and furthermore, grain
boundaries were clearly delineated even at the lower magnifications. The
grain boundaries were revealed not by their corrosion, but because of the
- 22 -
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	 Cyclic anodic polarization behavior of overaged pure ternary
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Fig. C.4 Photomicrographs of solutionized pure ternary
alloy following anodic polarization in pI-I 4. 7,
1.0 M NaCl.
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(b) 533 X
Fig. C.5 Photomicrographs of solutionized pure ternary
alloy following; corrosion at (a) 2. 1 ma/cm 2 for
500 sec and (b) 21.0 mal cm  for 50 sec in pH
4. 7, 1.0 M NaCl.
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Fig. C. 6 Photo111icrographs of maximum susceptibility pure
ternary alloy following anodic polarization in pH
4. 7, 1. U M NaCl.
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Fig. C.7 Photomicrographs of maximum susceptibility pure
ternary alloy following corrosion at (a) 2. 1 ma/cm
 2
for 500 sec and (b) 21.0 ina/ cm  for 50 sec in pH
4. 7, 1. 0 M NaCI.
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Fig. C. 8 Photomicrographs of overaged pure ternary alloy
following anodic polarization in pH 4.7, 1. U M NaCl.
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lack of oxide film above them. Textural differences in the oxide film
above different grains, observed in the maximum susceptibility material,
are replabed by a marked directionality as evident in Figs. C. 8(a) and C. 9(a).
Since the direction changes abruptly at the grain boundaries, it is unlikely
that the directionality was induced by scratches resulting from the polishing
operations. Again, there are grains which are completely devoid of oxide
film and pits as well.
A significant trend appears in comparing the photomicrographs of
overaged specimens galvanostatically corroded at the two current densities,
with each other and with photos of polarized samples. The film is most
coherent on specimens galvanostatically corroded at the lower current
density (Fig. C. 9(a)); it is least coherent on the samples which had been
subjected to the anodic polarization determinations (Fig. C. 8). This
suggests that the film is formed at the lower current densities, not at the
higher, and furthermore, that it is either detached and/or dissolved to
some degree at higher current levels. The former appears to be more
probable since the lower current anodizations involved times a factor of
ten longer than the higher current treatments.
This also suggest that the bulk of the film formation occurs simul-
taneously with the transition from the active to the secondary passive
regions in the polarization measurements.
The anodic current potential curves obtained on the pure ternary
alloy in pH 4.7 SO4 differ significantly from those obtained on the other
aluminum rich materials investigated. This difference is manifested in the
rate in which the current increases with potential. For both the solution-
ized and overaged forms of the, pure ternary, there is a rapid increase in
current with potential, although the potential region within which this
increase occurs is displaced 2 volts more positive for the solutionized form.
This behavior is in marked contrast to the more gradual rate of increase
exhibited, for example, by 7075 and pure alurriinum as seen in Fig. C. 2.
In addition to the sharp increase in current and the presence of a
peak for the overaged alloy, the currents beyond these regions are an order
of magnitude greater than those for the other aluminum alloys. The region
- 30-
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of rapid increase in current suggests that there initially occurs dissolution
of the more active MgZn 2 , Mg, and Zn species. MgZn 2 has been shown
to be equally, and highly, corrodible in both Cl and SO4 (see Fourth
Quarterly Report, p. 13).
There are some interesting and apparently inconsistent features
in the anodic behavior of the pure ternary alloy in Cl and SO4 as a
function of aging. In Cl aging results in a shift in the polarization curve
to more positive potentials, whereas the shift in Cl with aging is in the
opposite direction. Also, the overaged material is closer to aluminum in
polarization behavior in Cl , whereas in SO4 the solutionized form is
closer to aluminum.
In explaining these phenomena, we distinguish between (1) a local
aluminum oxide disruption effect due to particulate MgZn 2 and (2) more
general disruption in the oxide resulting from incorporation of Mg and Zn
in the lattice.
In sulfate, the anodic potentials involved are considerably more
positive than those encountered in C1 - . The currents are normally low
because of the high ionic resistivity of the oxide formed in this electrolyte.
Any imperfections in this film will result in its breakdown, causing enhanced
dissolution at the imperfections. For l,)ure aluminum, the process of break-
down occurs (presumably) at very small points. The situation differs in the
case of the overaged pure ternary alloy in that the imperfections are relatively
large MgZn 2
 particles. While the aluminum oxide above the matrix is prob-
ably, very similar to that above pure aluminum, such a protective film
cannot be expected to form above MgZn 2. Dissolution of the MgZn2 will be
very rapid in SO4 . This hypothesis, however, cannot completely explain
the anodic behavior of the overaged alloy in SO 4 , i. e. the fact that current
is too large to correspond entirely to MgZn 2 dissolution, considering the
low MgZn2 concentration. Also, at very anodic potentials, the currents
for both solutionized and oversized tempers are an order of magnitude
grez,iter than those observed on pure aluminum. It must be assumed that
Mg and/or Zn are incorporated in the oxide film formed in sulfate and that
-31
they alter its ionic conductivity. This effect can be significant even in
the aged pure ternary since there is an excess of Mg over that required
for the complete precipitation of Zn as MgZn 2. This would be the general
oxide disruption effect. The high currents for the overaged sample at low
potentials must result not from this effect, but from large disruptions of
the aluminum oxide film near the MgZn 2 particles — the "local" oxide
disruption effect.
This hypothesis is supported by the results obtained in Cl 	 The
local disruption effect in the overaged material is of relatively little
importance because the inclusion of Cl in the C1 -formed oxide lattice
has a far more disrupting effect. The polarization behavior of the aged
ternary is essentially the same as that for pure aluminum. The dissolution
of MgZn2 contributes to the current but is not the dominant part.
The solutionized pure ternary, on the other Itand, will not be subject
to the local disruption effect. However, dissolution does occur far more
readily than for aluminum, as evidenced by the displacement of the respec-
tive curves in Fig. C. 1. This indicates operation of a mechanism similar
to that proposed for the solutionized form in SO4 , 1. e. incorporation of Mg
and/or Zn in the oxide which decreases the little protection it could other-
wise afford (general disruption). The incorporation of the excess Mg explains
the more active position of even the overaged alloy compared with aluminum.
It must be emphasized that this hypothesis is tentative and must be
examined with reference to the behavior of the binary (A1 -4 Cu) and ternary
+ copper systems. The behavior of the ternary with and without copper is
about to be investigated in SO4 . From Fig. C. 1 it can be seen that copper
neutralizes, to a large degree, the effect of the more active Mg and Zn.
In both C1 and SO4 solutions, large differences in behavior are
found between the pure ternary and 7075 (Figs. C. 1 and C. 2). It seems
likely that the significant differences between the polarization behavior of
the two systems, in both Cl -
 and SO4 , can be attributed to copper, which
is present in 7075 to the extent of 1.2 -2.0% , but which is absent in the
pure ternary. The effect of copper is being investigated using two alloys
- 32 -	 •
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which have compositions similar to that of 7075 except that one is nearly
free of copper. These alloys were kindly supplied to us by Dr. D. O. Sprowls
of Alcoa in the form of 60 mil sheet. The composition of the two specimens,
which will be referred to as the "ternary system" (as opposed to "pure
ternary"), is as follows:
Mg 	 Zn	 Cu	 Cr	 Ti	 Fe	 Si
T-Cu	 2.47	 5.64	 1.61	 0.20	 0.02	 0.00	 0.01
T-0
	
2.49	 5.68	 0.01	 0.19	 0.02	 0.00	 0.01
Electrodes were prepared from these materials in the same way
as had been done for the pure ternary; 0.25" discs were punched out and,
after suitable heat treatments, were silver epoxied to "electrode blanks.
Each alloy is being examined in the solutionized and overaged conditions.
Overaging was effected by heat treating discs of both alloys at 160°C for
24 hrs under an atmosphere of argon.
The open circuit potentials for the ternary system before and after
anodic dissolution in pH 4.7 chloride have been tabulated in Table I, along
with data from the other, ternary systems. The potential is shifted more
noble with increasing copper content and with the degree of precipitation of
the material. There is a significant difference between the data for the
ternary without copper and the pure ternary. The solutionized form of the
former is 20 my more negative. An even larger difference, amounting to
77 mv, exists between the overaged forms of the two alloys. The slight
variation between solutionized materials can be neglected, but that ,
between overaged specimens is substantial. This could reflect the presence
of minor constituents in the ternary (such as Cr, Ti, etc. ) and will be tested.
The magnitudes of the open circuit potential displacements following anodic
polarization differ between ternary and pure terna^ ,y, systems, although the
direction of the shift is the same.
Anodic polarization curves have been obtained in the pH 4. .7 Cl
medium, and these are plotted in Fig. C. 1. From the shape and relative
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position of these curves with respect to each other and to the other
materials, the following trends are noted:
(1) Copper results in a displacement in the curves in the
positive or more. noble direction, as anticipated.i
(2) The magnitude of the displacement is a marked function
of the heat treatment; it is 200 my for the solutionized
form, 90 m y for the overaged.
(3) The difference between the curve positions for solutionized
and overaged forms of given alloys decreases with
increasing copper content.
(4) The secondary passivation effect in Cl solutions occurs
only on overaged alloys which have no copper. The peak
for the overaged ternary and the time effects are much
less severe. This suggests either a lesser degree of
precipitation, sensitivity to even slight (0.017) amounts
of copper, or sensitivity to the other minor alloying
constituents.
The effect of copper on the polarization behavior of the ternary
system is surprising in terms of the very small quantities involved. The
extreme sensitivity of the polarization behavior of the solutionized materials
is consistent with what has already been observed. In the overaged con-
dition, both the binary Al-4 Cu and ternary alloys yield anodic polarization
,	 curves in chloride which are much closer to that for aluminum than to the
polarization curve for the pure intermetallic component. In the solutionized
form, on the other hand, the curves lie closer to the intermciLallics. Actually
the comparison, at least in the case of the solutionized form, should be
made with the polarization curves for the pure minor constituents --- zinc,
magnesium and/or copper as the case might be.
The position of the curve for a particular material, whether it is
very active or noble, does not correspond, of course, to the severity of
corrosive attack in Cl	 Indeed it is often difficult to detect attack in	 k
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solutionized materials, except for a few pits, whereas the aged forms
are found to have undergone severe corrosion.
The mechanism through which this marked sensitivity arises is
not understood. In the case of copper, potentials are such that no
ionization of copper can occur. On this basis, it would appear that the
observed changes must involve inclusion of the copper in the oxide
effecting changes in its conductivity. It might, however, seem fortuitous
that copper would cause changes such as to result in a shift in the polari-
zation curve towards that for copper, while Mg and Zn effect changes in
the opposite direction, towards their polarization curves. Since the
cathodic curves, representing hydrogen evolution, do not change appreciably
among the various ternary systems or even binary (A1-4 Cu) systems for
that matter, the electronic conductivity of the oxide (such as it is in Cl )
must not differ significantly- among the alloy systems studied. The varia-
tions may reside in the ionic conductivity of the film, although this is
questionable on two counts: First, the oxide film is not only thin and
rather imperfect in chloride, as opposed to sulfate, but also inclusion of
C1 in the film should predominate and determine to a great extent, the
ionic conductivity. Secondly, ionic ronductivity results from mobile charge
carriers, i. e. ions, and vacancies. There would appear to be little chance
for either Cu++
 or Cu+ to exist at these negative potentials.
Because the anodic curves for i. a Al-4 Cu system are found to be
more not le than for pure aluminum, it cannot be said that the copper exerts
no positive influence (see Fig. C. 18, Fourth Quarterly Report). Its influence
is, as in the case of the ternary with copper, out of proportion to the amount
present.. Indeed, the anodic polarization curve for CuAl2 is only slightly
more noble than the curve for solutionized A1-4 Cu.
There are other features in the results obtained which serve to
compound the difficulties encountered in attempting to interpret these data.
Among these is the secondary passivation phenomenon, accompanied by
heavy film formation, which is observed only on overaged and pure tertiary
alloys not containing copper. It is difficult to say whether the absence of
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this effect in the copper containing material is dve to copper itself or
to the fact that the curve for the copper bearing material occurs at too
positive a potential. The lower peak in the case of the ternary would
support such a "critical potential" theory. It could equally well be
said, though, that the smaller peak is due to extreme sensitivity of the
phenomenon to copper; the ternary system is not actually copper free,
but contains 0. 01970 . This point could be cleared up by adding traces of
copper to the chloride electrolyte before commencing polarization of the
overaged materials.
During the next quarter, the final experimental work in this
phase will be directed towards elucidating the nature of the interaction
of the minor constituents Cu, Mg, and Zn with the aluminum oxide film
covering the ternary alloys in chloride.
IiI. STRESS,.CORROSION
A. Introduction
As was shown in the Fifth Quarterly Report, precorrosion tests
on 7075-T6 have demonstrated that for this alloy most of the time to failure
is taken up by pure corrosion processes on which stress has no effect.
Only approximately one-tenth of the time to failure can be classified as a
true stress corrosion phenomenon. These observations have now been
extended, and in part B of this section, we describe results obtained from
a study of the effect of heat-treatments from 7075-T6 (susceptible temper)
to 7075-T73 (non-susceptible). Particular reference is given to the effect
of these hez t-treatments on both the over-all time to failure and on the
• period of true stress corrosion. In part C we give the results of relaxation
rate and cathodic protection experiments. In part D we show the results of
a metallographic study of the morphology of cracking and its relation to the
results obtained in part B. Finally, in part E we summarize the present
status of these results.
13
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B. Changes in Stress Corrosion and Corrosion Susceptibility
During Heat-Treatment from -T6 to -T73 in 7075
The behavior of 7075-T6 with regard to precorrosion (corrosion
without stress) as determined experimentally in the previous quarter is
shown schematically in Fig. C. 10. Taking the precorrosion susceptibility
index (PSI) as minus the derivative of the time to failure determined after
precorrosion with respect to the time of precorrosion, that is
PSI	 -d (Time to failure after precorrosion)
d (Time of precorrosion)
one sees that initially for 7075-T6 this index is unity. After precorrosion
treatments on the order of the normal time to failure (that is, the time to
failure determined in a normal stress corrosion test when both stress and
corrosion are applied simultaneously), the effect of precorrosion decreases
sharply and the PSI in this region is zero. This latter reg ,41 on thus represents
the period of true stress corrosion damage since it is in this region that
corrosion without stress has no effect.
It is well-known that although the -T6 temper gives among the highest
strengths in 7075 alloys, it also leads to the shortest times to failure in
normal stress corrosion tests. It is also well-known that these short times
to failure can be increased, at the expense of strength, by continued aging
at elevated temperatures (325°F to 350°F). It has always been assumed
that such heat treatments increased the resistance of the material to stress
corrosion. However, as has been shown for 7075-T6, most of the time to
failure in a normal stress corrosion test is taken up not by stress corrosion,
but by a pure corrosion process. Hence there is no justification for
assuming that the -T73 temper improves stress corrosion resistance. It
may, in fact, only increase resistance to pure corrosion or to the effects of
pure corrosion. As will be shown, this latter explanation appears to be
the correct one.
In order to insure that none of the effects observed could be due to
residual stresses, all experiments 	 carried out on reheat-treated
-37-
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specimens. These specimens were resolutionized for one hour at 900°F,
followed by quenching into oil held at the proper temperature for aging to
the -T6 temper (250° F) and by holding there for 24 hours. Such a procedure
would be expected to lead to essentially stress free specimens. Any stress
that was present would be compressive in the outer fiber and could not lead
to spurious effects. Following this treatment, these specimens were then
overaged at 325'F for varying lengths of time ranging from one to twenty-
four hours. The T73 temper would be reached by a 24 hour overaging
treatment.
After each aging treatment, specimens were tested for mechanical
strength. These strength tests were carried out in our Instron tensile
test machine, using a strain gauge extensometer. The yield strength was
calculated at the 0. 27 offset point. These yield strengths, as a function of
time at the overaging temperature (325'F), are shown in Fig. C. 11. From
this figure it can be seen that initially this heat treatment does not cause a
decrease in strength and may, in fact, cause a slight increase. After over-
charging for approximately six hours, however, the strength begins to
decrease substantially. As will be shown, this decrease in strength marks
the beginning of a drastic change in the normal time to failure, i. e. the
time to failure when stress and corrosion are applied simultaneously.
After the yield stress was determined, both normal stress corrosion
tests and precorrosion tests were made, as before, at 90°70 of the 0. 2070
yield stress. The object of the precorrosion tests was to determine how the
period of true stress corrosion (as defined in Fig. C. 10) varied with this
heat treatment, Specifically these tests were carried out by first determining
the normal time to failure by applying load and current simultaneously.
When this had been determined, the period of true stress corrosion was
found by precorroding a specimen for twice the normal time to failure Infare
applying the load. The period of true stress corrosion was then taken as
the time to failure after application of the load.
The results of these tests a.:.-e shown in Fig. C. 12. As noted previously,
the overaging heat treatment has initially no effect on either the normal time to
failure or the period of true stress corrosion. After overaging for approximately
- 39 -
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six hours at 325 ° F, the normal time to failure shows an almost discon-
tinuous increase. However, virtually concomitant with this increase in
normal time to failure, Fig. C. 12 clearly shows a decrease in the period
of true stress corrosion. Thus, the increase in the normal time to
}	 failure :vas, in fact, all due to an increased period of sensitization of the
alloy b ,,, the pure corrosion process. The actual resistance to true stress
corrosion is in fact decreased.
To check that an elc;+:, troche mica I process must still operate to
cause failure after precorrosion, cathodic protection tests were carried
out. These tests were performed as follows; After precorrosion, but
before applying the stress, the 0.3 ma/cm2 anodic current used in the
precorrosion treatment was switched to the cathodic direction, five minutes
before the load was applied. The specimen was then loaded while under
the protection of this cathodic current. After the calculated load was
reached (907 of the 0. 27 offset yield stress), the specimen was held under
the cathodic current for an additional fixed time to insure that in fact it was
being protected. Finally, the current was again switched to the anodic
direction to cause final failure. By means of these tests, it has been
determined that specimens ;averaged up to 7 hours and precorroded for twice
the normal time to failure must still undergo additional electrochemical cor-
rosion under stress for failure to occur. This is indicated by the arrow
labeled "stress corrosion" in Fig. C. 12. For specimens aged for 18 hours,
however, final failure occurs purely mechanically. That is, the damaged
induced by precorrosion is sufficient by itself to cause failure and no
additional stress corrosion process is necessary.
Thus, the times to failure of extensively overaged materials, as
determined by normal stress corrosion (e. g. c-ring) tests may be very
large. However, the increase in lifetime' is due entirely to an increase in
the resistance of the material, either to the pure corrosion process itself
or to the damage (e. g. pits) induced by the pure corrosion process. As will
be discussed, the metallographic analysis described in part D indicates
that it is the resistance to damage induced by the corrosion which is increased.
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IC. Relaxation Rate .and Cathodic Protection Tests
As noted in the previous section, cathodic protection was applied
to selected specimens in order to determine whether or not the final
-:'ailure process involved an electrochemical process. Since the load was
monitored caTltinuous ly throughout these test y , the effect of this cathodic
protection on the relaxation rate could also be determined. This effect
is shown in Fig. C. 13. In this figure the relaxation rate is shown plotted
versus time. In this test, the specimen was under cathodic protection both
during loading and for the first twenty-two minute cathodic protection period.
The current was then switched anodic and held constant until failure occurred
forty-one minutes later. As seen from this figure, there is an initial high
relaxation rate which quickly decays to a very low level until immediately
after the current is switched anodic. Then the relaxation rate begins to
increase immediately and keeps increasing until failure occurs. We know
that the effect of the cathodic current is to shift the specimen further into
the passive region of Al dissolution. It is evident that this shift is sufficient
to prevent corrosion damage occurring when the cathodic protection is
applied. With larger applied cathodic current densities, as we approach
active Al dissolution, the relaxation rate should again increase.
There was an additional important effect of the cathodic protection
experiment which must be considered. It was found that the cathodic pre-
treatment tended to increase the subsequent time to failure as measured
from the time after which the current was switched back from cathodic to
anodic. That is, the cathodic treatment apparently caused a stable protec- 	 1.
tive film to be developed and this film acted in such a manner as to protect
the specimen from failure. These results are shown in Talbe C. II. It
should be noted that, as described in section C, the cathodic currents were
F	 applied in all cases while the specimen was being loaded. As can be seen
from Table C. II, the cathodic pretreatment had a dramatic and favorable
effect on the time to failure of the heat-treated specimens but not on the
as -machined specimens. The reason for this behavior is not known but is
probably associated with the development on the heat-arated samples of a
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TABLE C.11
Protective Effect of Cathodic Pretreatments on 7075
Anodic Duration of
Precorrosion Cathodic Expected Actual
time.at Treatmen time to time to
Heat 0.3 ma/cm2 0.3 ma /c Failure Failure
Treatment (min) (min) min (min)
T6 + 7.0 hours 64.2 1009 3.5 286
at 325° F
T6 + 6. 17 hours 34.6 30 5 66.5
at 325° F
As-machined 	 24.0	 37.0	 5.8	 3.6
T651
protective oxide layer by the cathodic current. This hypothesis is supported
by the observation that the cathodically protected specimens developed a
compact, adherent black film during subsequent anodization. Such black
films are not observed if the specimen was not first subjected to the
cathodic treatment.
D. Metallography
The metallographic investigation has been continued in order to
determine (1) whether or not during the perlod of true stress corrosion
shown in Fig. C. 10, pits continue to increase in size and (2) whether or
not the increased times to failure with increasing hf at - treatment are
associated with increased esistance to corrosion or with increased resis-
tance to the effects of corrosion.
Figures C. 14(a) and C. 14(b) show the results obtained on the
samples of 7075-T651 heat-treated for precorrosion times of 1 hour and
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Fig. C. 14 Transverse metallographic sections for precorroded as-
t achinod specimens: (a) preeorroded 1 hour, 270X,(h) precorrodc d 7. 5 huurs, 270X.
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7. 5 hours, respectively. Both specimens were stressed after pre-
corrosion and in the case of the 7. 5 hour specimen, Fig. C. 14(b),
this stressing has led to the development of a sharp crack developing
from the tip of the precorrosion pit.
Of particular importance is the conclusion that the pits in the
7. 5 hour precorrosion specimen are significantly larger than those in the
1 hour precorrosion specimen. That is, over the range of precorrosion
times during which the period of true stress corrosion remains constant,
pits continue to increase in size. Hznce, the constancy of the true stress
corrosion time over a wide range of precorrosion treatments (thus giving
a PSI value of zero, see Fig. C. 10) cannot be explained by a terminal-pit-
depth hypothesis. Rather, the absolute magnitude of the period of true
stress corrosion is probably associated with the time required, after
stress is applied, to develop atomically sharp pit tip radii. This may
take place either through a slip step or other stress induced flaw - sharpening
mechanism.
The conclusion reached above, that pits continue to increase ^n
size throughout precorrosion, was confirmed by the examination of overaged
7075 -76 specimens. Figures C. 15(a) and C. 15(b) shows specimens which
have been precorroded for 20.8 and 63.5 hours, respectively. These
specimens were taken from the precorrosion points shown in Fig. C. 12 for
the specimens overaged for 9 hours and 18 hours, respectively. Clearly,
the pit size has been increased by the additional precorrosion. In fact, the
specimen shown in Fig. C. 15(b) failed, as indicated in Fig. C. 12, without
the need for any additional flaw sharpening under stress. The times to
failure increase sharply on going from 7075-T6 to overaged 7073 - T6, while
no reduction in the extent of pitting occurs. It can therefore be concluded
that the increased resistance to failure results from an increased capability
of the material to resist the effects of pure corrosion and not from an
increased resistance to the corrosion process itself.
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E. Status of Results
From the results obtained in this quarter, the following conclusions
may be drawn:
(1) Heat-treatment of 7075-T6 to -T73 results in an increase
in the time to failure as determined in a normal stress
corrosion test. However, this increased time to failure
results from an increase in the capacity of the materials to
withstand the effects of pure corrosion and not from increased
general corrosion resistance.
(2) 'rhe period of true stress corrosion actually decreases in
going from 7075-T6 to 7075-T73, although the over--all
times to failure increase.
(3) The constancy of the period of true stress corrosion over
a wide range of precorrosion times is not associated with
a halting in pie growth but is rather associated with pit
morphology.
(4) Cathodic protection is effective in protecting 7075-T6 from
stress corrosion. Cathodic pretreatments may provide a
means of increasing subsequent stress corrosion resistance.
Further experiments based in these results are discussed in section E.
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SECTION D
NONDESTRUCTIVE TESTING TECHNIQUES FOR THE DETECTION
OF SURFACE FLAWS
I. INTRODUCTION
The work reported here is concerned with detecting SCC using
Rayleigh ultrasonic su)'Jace waves. The aluminum alloys explored were
7075 (T651) and 2219 (T37). All the ultrasonic measurements were
made using a new assembly to secure the transducer in a fixed position
throughout the testing. This is convenient, especially for determining
the earliest onset of SCC. Good agreement with previous results on
7075 was observed.
Part II is concerned with an analysis of the effects of environmental,
variability on the SCC life of U -bends. In particular, the effect of devia-
tions from the ideal U -bend geometry are considered. Also, a check of
the resolution of the ultrasonic instrumentation to closely spaced reflec-
tors is reported. Part III deals with SCC in 7075, especially at its early
stages. Part IV reports the attenuation and SCC measurements made on
2219. The data are summarized in part V.
11. GENERAL
A. SCC Tests and Stress Analysis
In the investigation of SCC, U-bend specimens are corroded
galvanostatically at different levels of stress, current density, and time
of exposure. The last two parameters can be combined to obtain the total
charge producing the corrosion (coul/cm2). The quantitative analysis of
the SCC damage by ultrasonics was performed by keeping the stress and
current density constant and by varying the time of exposure or total
charge.
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One of the important parameters in SCC investigations is the
time-to-failure or SCC life. In ihis3 study, we are concerned with
measuring the failure time in order to express the first detectable
SCC damage as a fraction of this time. Usually, this lifetime was
determined in separate tests -- net with the actual samples used for
the SCC measurements. Unfortunately, considerable variability is
observed in this time to failure and this introduces uncertainty as to
when the exact fraction of SCC damage can first be detected.
A possible method to avoid this variability would be to obtain
the SCC'' life for the particular U-bend used in an NDT study. This
could be done by continuing its corrosion until failure after the appro-
priate ultrasonic measurements had been made, thus eliminating any
variability of the U-bend geometry. however, experiments have
indic`;. ced that, in general, this procedure can also lead to erroneous
results.
A brief discussion of the factors influencing the SCC life of
these specimens would seem appropriate at this stage:
(1) An important difficulty may be associated with varying con-
ditions in the stress corrosion cell, e. g. temperature, stirring, bubbles
formed on the sample during corrosion, etc. Although it was not possible
to control the conditions as well in these tests as it was in our main
stress corrosion cell, we do not believe that the variability in life (as
much as a factor of 3) arises substantially from this cause.
(2) Another problem may be that different samples probably have
different metallographic characteristics. We have found differences in
tensile strengths for samples cut from different parts of the same plate.
These can only be longer in this part of the study since samples had to
be made from several plates. It was not possible to measure the strength
of every U-bend, and significant variation seems likely.
(3) Stress calibration and sample geometry are perhaps the most
crucial parameters in the SCC tests. The maximum stress, a  , in the
outer fiber of the bend of the U-bend samples can be calculated from
the formula
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v	 =	 3 LP	 (1)m
2 Wd2
where P is the applied load; and L, W, and 2d are the length, width,
and thickness of the U -bend aamples, respectively. Values of the
stress were found by elastically deforming the U -bend specimen using
t	 known loads and measuring the resulting deflection of the legs.
Examination of equation ( 1) indicates that a crucial parameter
in the sample geometry is the thickness of the U-bend specimens since
it alters the stress quadratically. The thickness of the samples was
measured and its effect on the nominal stress and stress -calibration
curves was investigated. For every U-bend specimen three thickness
measurements were made: two on the legs and the third at the center
of the bend.
An example of the variability from plate to plate is illustrated in
Fig. D. 1 which is a stress-calibration curve for the U°-bend specimens.
The abscissa of this plot is the change in D (separation between the legs
of the U-bend sample) and is given in terms of mils and, also, as a
percentage of the original separation at zero load. The ordinate is given
in terms of applied load, stress in the outer fiber, and percentage of yield
strength. The three U -bend specimens tested for this plot came from
three different plates of 7075 designated as series A, B, and C. The
thickness of these samples at the bend was the same and equal to the
nominal value of 0. 250 inches. The graph indicates that even though the
samples were geometrically identical, their stress -calibration curves
were not.
The importance of this variability can be seen by noting the various
deflections corresponding to a particular stress level. For instance, at
907 of the yield strength the corresponding deflections for U-bend specimen
series A, B, and C are 0. 507", 0. 525", and 0. 493". Thus if a series C
sample is to be stressed to 907 of the yield strength using the calibration
curve for series B, the actual st ye,-;s of the specimen will be about 965V of
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the yield strength, and its SCC life will be drastically shortened. Of
course, this relative variability decreases with decreasing stress.
Strelss-calibration curves were prepared for 2219(T37). The
stress levels for the SCC measurements were again 90970 and 6097 of the
0. 2970
 offset yield strength, which in this case was taken as 44, 000 psi.
The load deflection curves for this alloy are snown in Fig. D. 2. Three
of the curves correspond to U-bend specimens no. 6D, 18D, and 42D,
which originated from the same plate, with thicknesses at the bend of
0. 248, 0. 250, and 0. 252 inches, respectively. The fourth curve is for
a sample coming from a different plate with a thickness at the bend of
0. 251 inches. The dashed line in this graph, included for comparison, is
the average for series A, R, and C of the 7075 U-bend specimens.
The graph illustrates the effect of the different origins of the
samples and the shifting of 	 load-deflection curves due to differences
in specimen thickness at the bend. The deflection of the legs, D, is
proportional to am (assuming d « L)
D = 4u L am
d
where a to first order is a numerical constant depending only on the
elastic properties of the material. Note that a m is only linearly dependent
on d instead of quadratically as in Eq. (1). Thus the best way to stress
the U-bends is to use a predetermined deflection rather than load.
Another observation that can be made from Fig. D. 2 is that the
average stress-calibration curves for 7075 and 2219 are very close.
This implies that any errors in the determination of stress will be more
severe for 7075 than for 2219 because of the spreading of the curves and
the fact that the 0. 27 offset yield strength of 7075 is almost double the
corresponding value for 2219 when expressed in psi. In both alloys the
error will be smaller for low stress levels because of the smaller spread
of the calibration curves. As a general practice the thickness of the U-bend
specimens was 0. 250" + 0.002" , which would produce not more than a
+ 170
 variation in stress.
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B. Resolution cif Ultrasonic Measurements
In the examination of the oscillograms in the SCC studies small
echoes were observed from the corroded area at the bend of the U-bend
specimens. 'These echoes were present before the samples were stressed
and are possibly associated with the slight anisotropy of the aluminum
,
plate produced by the rolling or machining process. Normally aluminum
is an isotropic medium, but since the elastic moduli change slightly with
stress, the medium loses its isotropic character to some degree. The
velocity of Rayleigh waves is stress dependent 1 , however, the change in
velocity is only of the order of 0, 1 percent which is below the limit of
d tectability for ordinary ultrasonic instruments.
An investigation of the nature of these echoes as a function of
stress was made to avoid misinterpretation between them and small
echoes originating from microcracks. This was done by continuously
monitoring these echoes with the fixed-position probe assemaly, des-
cribed in the last quarterly, while the U-bend 3pecimen was being stressed.
The results c re shown in Figs. D. 3 and D. 4 for 7075(T651) and 2219(T37),
respectively. These figures are oscillograms of the echoes obtained with
high instrument gain and are very similar in nature. In Fig. D. 3 the four
oscillograms were taken at Qtress levels of 0, 2070 , 8570 , and 1007 of
the yield strength of 7075. In Fig. D. 4, part (a) corresponds to no stress,
part (b) to 907 of the yield strength, part (c) to a stress well beyond the
yield point, and part (d) to the well-relaxed state after the stress was
released. In the last stage, part (d), the U -bend specimen had been
pe ,rmanemly deformed as its leg separation had decreased by 107 of the
original value.
Examination of both figures indicate that essentially the nature of
these small echoes does not change with increasing stress. The change
in their relative amplitude, which was monitored through reference echoes,
was not more than 2 db. In order to differentiate between these echoes
lBenson, R. W. and Raelson, V. J. , Prod. Engr. 30, 94 (1959).
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Fig. 1).:1	 Osci I lotirams indica ting the effect of applied stress on small
echoes pi-escin in the area-to-be-corroded before commencement
of SCC tests for 7075('1'651). The applied stress for parts (a),
(h), (c), and (d) was 0, 2070 , 8570 , and 100 7  of the yield strength
respcctiv(- 1v.
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(a )	 (h)
(e)	 (d)
Fig. D. 4 Oscillograms indicating the effect of applied stress oil 	 echoes
present in the area -to-be -corroded before commencement of SCC
tuts fm- 2219(T37).(a) Applied stress 07 of yield strength
^
h) Applied stress 907 of yield strength
c) Applied stress well beyond yield point(d) After stress was relieved and U-bend specimen had been
permanently deformed.
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and those from microcracks, especially at the early stages, photographs
of the original echo distribution would be necessary. In practice, at
high instrument gain, reflections from such surface features would
have to be taken into account. For most SCC detection purposes one
-would not need to use such high gains and no serious difficulty would
arise.
In the work with artificial defects discussed in previous quarterly
reports, the actual SCC conditions were simulated by defects of known
geometry, and their reflectivities and the attenuation of Rayleigh waves
were measured. The closest approximation to SCC with respect to the
angular dependence of reflectivity was multiple short parallel grooves.
The general nature of SCC involves closely spaced microcracks
which, depending upon their relative separation, can produce either single
or distinct echoes. Ideally, two isolated parallel grooves have to be a
finite distance apart before they can produce two distinct signals on the
screen of the ultrasonic flaw detector. This is the "resolving power" of
the instrument and is defined as the ability to distinguish between two
closely spaced grooves. This depends, among other things, on the pulse
width of the emitted wave, on the bandwidth of the sides amplifier, and on
the oscillator. frequency.
To determine the actual resolving power of the instrument used
in this investigation (KrautkrNmer type USIP 1OW , 4 MHz probe), two
1. 5 mil-wide parallel grooves with varying separations were cut on a flat
surface of 7075, and the corresponding osc Pograms observed.
The results are shown in Fig. D. 5. Parts (a) anri (c) of this figure
were taken with a scale of 0. 66 cm of aluminum per division, while (b) and
,	 (d) were with 0. 055 cm of aluminum per division. Echoes A and B on
parts (a) and (b) are from two grooves 1/16" Q. 5 mm) apart. This separation
was well resolved. When the groove spacing was 1/32", the echoes were
not resolved. This spacing is shown in parts (c) and (d) of Fig. D. 5. Thus
the resolving power of the instrument is roughly 1. 5 mm and is about the
_59_
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(b)
Fig. D.5	 Resolving power of ultrasonic instrLIMellt (Krautki-Smer type
USIP IOW, 4 MI Iz probe).
(a)	 Groove separation - 1/16" - Scale 0. 66 cm Al/div.
(h) Groove separation - 1/16" - Scale O. 055 cm Al/div.
(c) Groove separation - 1/32" - Scale O. 66 cm Al/div.
(d) Groove separation - 1/32" - Scale 0. 055 cm Al/div.
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same as for similar instruments reported by other experimenters2.
Since similar settings were used in the SCC investigations, echoes
from microcracks were riot necessarily completely resolved. Single
echo from the corroded area then could easily correspond to several
closely spaced microcracks or pits.
High resolution NDT ultrasonic instruments3 have been
developed with resolving powers of the order of 0. 4 mm.
III. SCC INVESTIGATION OF 7075
Previous ultrasonic analysis of the SCC for 7075 was performed
without the fixed-position transducer jig constructed during the last
quarter. During this quarter some work was done with this assembly to
verify the data and nature of SCC curves obtained previously, particularly
the early detection of SCC. Stress levels of 907 and 607 of the yield
strength were measured using the new SCC cell with the nitrogen atmos-
phere and stirring. The results are plotted in Fig. D., 6. The SCC attenua -
tion was measured in loss per unit distance (db/cm) and was determined by
monitoring the relative amplitude of the echo from the second reference
groove, normalized with respect to the original echo amplitude. The
abscissa is the amount of corrosion and is expres )ed in soul/cm2.
The results of Fig. D. 6 indicate that the data obtained with the
fixed-position probe assembly are in excellent agreement with the data
obtained without it. No additional data was obtained for GGC (general
galvanic corrosion). For the long exposure there are no points for the
loaded states because the second reference echo was highly attenuated.
The incubation period of about 0. 2 coul/cm 2 for the SCC was again verified
with a difference of not more than 0. 04 coul/cm 2 between loaded and
unloaded states.
'	 2Binczewski, G. J. , "Standardization and Application of Surface-Wave
Inspection, " Nondestructive Testing, January-February 1957, pp. 36-40.
3Botsco, R. J. , "High Resolution Ultrasonics, " Materials Evaluation,
April 1967, pp. 76-82
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IV. SCC INVESTIGATION OF 2219
A. Surface Attenuation
In the last quarterly preliminary results of the attenuation of
Rayleigh waves for A1-2219(T37) were reported. The data were obtained
for the long transverse direction for the "as rolled" or it
	 received"
state and for a surface finish produced by No. 320 grit paper. In this
'	 quarter measurements in the long transverse direction and the rolling
direction over a distance up to twenty inches and for different surface
'	 conditiosis were made. The results for the long transverse and rolling
directions are shown in Figs. D. 7 and D. 8, respectively. These graphs
are plots of C e relative amplitude of the echo of Rayleigh waves reflected
from the edge of the test block as a function of the distance of the probe
from the edge of the test plate, with the surface finish as a parameter.
The data in these figures can be approximated by straight lines with slopes
giving an absolute value of attenuation per unit distance of 0. 17 db/cm and
0. 15 db/cm for the long transverse and rolling direction, respectively.
A synopsis of all our attenuation data for 7075(T651) and 2219(T37)
is given in Table D. I. From this table it is seen that the value of attenua-
tion in the rolling direction for both alloys is about the same --- 0. 15 db/cm
for 7075 and 0. 14 db/cm for 2219. We also see that for 2219 the attenuation
is greater in the rolling direction than in the long transverse, as expected,
but the difference (ti 0. 03 db/cm) is smaller than the corresponding
difference (0.09 db/cm) for 7075. A possible explanation is a difference
in the grain structure of these alloys. In the case of 7075 the grain
boundaries seem somewhat elongated, thus resulting in more grain
boundaries per unit distance in the long transverse direction. This would
•	 increase the scattering in that direction.
B. SCC Tests at 9097,_ of the Field Strength
The stress calibration for the 2219 U-bend specimens was discussed
in section II. A of this report. Typical results obtained with the fixed-
position probe are shown in Figs. D. 9, D. 10, and D. 11. The three
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Fig. D. 8 Attenuation of Rayleigh waves in the rolling direction
for 2219(737).
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TABLE D. I
Attenuation of Rayleigh Waves on Plane Surfaces of Aluminum
Alloys at 4 MHz
Alluminutn Cooruinate Surface Other Attenuation
Alloy Direction Finish Remarks_ db/ cm
7075(T651) Rolling no. 36 grit paper 0.15
and finer and "as
rolled"
7075(T651) Rolling no. 36 to no. 80 Rayleigh waves 0.30
grit paper perpendicular
to lay of finish
7075(T651) Long no. 36 grit paper 0.24
Transverse and finer and "as
rolled"
7075(T651) Long 2 - mil paint coat 0.45
Transverse
2219(T37) Rolling no. 180 grit paper 0.14
and "as rolled"
2219(T37) Long no. 150 to no. 180 0.17
Transverse grit paper and "as
rolled"
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Fig;. D. 9 OscillOgrams illustrating; the effect of SCC at 907 of the yield
strength and 0. 64 ma/cm 2 for 2219(T37)(a) Reference osc i l log;ra^n
(b) After 0. 058 cool/cm had passed - stressed state
(c) 0. 058 CO LJ1/cm 2 had passed - unstressed state.
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(C)
Fig. D. 10 Oscillograms illUstratingJ11c effect of SCC at 907 of the yield
strength and "-1. 63 ma/cm- for 2219(1-:37)
^
a) Reference osc i llogram
b) After 0. 38 coul/cm^ had passed - stressed state(c) After 0. 38 coul/cm 2
 hacl passed - unstressed state.
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(a )	 (b)
(f, )
Fig. U. 11_ OscillOgI-ams iJlusti-ating the effect of SCC at 90% of the yield
strength and 0. 59 ma/cm 2
 for 2219(1'37)(a) Reference oscillogrin
(h) After. 4, 35 coul/cm had passed - stressed state(c) After .1, 35 coul /cm 2
 had passed - unstressed state.
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oscillograms of Fig. D. 9 correspond to (a) reference state, (b) stress(-,'
state after an exposure of only 0. 058 cool/cm 2 and (c) unstressed state.
The effect of this short exposure is readily seen where a definite echo is
present from the corroded area and the echo from the second reference
groove is slightly attenuated (Fig. D. 9(b) ). When the stress was released,
no attenuation of the second reference echo was observed (Fig. D. 9(c) ).
Figure D. 10 is another series of oscillograms illustrating the behavior for
a longer exposure. Here, after an exposure of 0. 38 coul/cm2 , echoes
from the corroded area as well as attenuation of the second reference echo
occur in both the stressed (Fig. D. 10(b)) and unstressed (Fig. D. 10(c) )
states. The oscillograms of Fig. D. 11 were taken for the relatively long
exposure of 4. 35 soul/cm 2 . Here echoes are again present from the
corroded area, while the second reference echo is highly attenuated in
the stressed state (Fig. D. 11(b)) and partially attenuated in the unstressed
state (Fig. D. 11(c) ).
Micrographs of the corroded area of the same U -bends were made.
The U-bends were unstressed and the magnification was 300X. Pictures
were taken after exposures of 0. 058 (Fig. D. 12(a) ), 0. 38 (Fig. D. 12(b) ),
and 4.35 coul/cm2 (Fig. D. 13). Figure D. 13(a) is of the approximate
position where the ultrasonic beam entered the corroded area, and
Fig. D. 13(b) shows the surface condition well inside the corroded area.
The microscopic examination of the specimens of 2219(T37) and
the tests with stress level at 607 of the yield strength (reported in the
next section) show a mode of cracking different from that of 7075(T651).
These differences are as follows:
(a) Nature of microcracks. The photomicrographs of 2219 1indicate
that the microcracks for this alloy are of a zig-zag nature compared with
the relatively straight cracks of 7075. A possible explanation is in the
shorter and somewhat rounded grain boundaries of 2219 compared with the
elongated grain boundaries of 7075. A discussion of the grain boundary
structure of these alloys was given in section C of the Fifth Quarterly Report.
(b) Density of microcracks. For 2219 the microcracks appeared to be
- 70 -
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Fig. D. 12 Photomicrographs of typical regions on the surface of U-bend
specimens illustrating the effect of SCC for 2219(T37) at9057
of the yield strength after (, ) 0. 058 and (b) 0♦ 38 coulombs/cm
corrosion. They were taken in the unstressed state at 300X.
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Fig. D. 13 Photographs of typical regions on the su p
 face of U-bend specimen
illustrating the effect of SC. ^ for 2219(T37) at 907 of the yield
strength after 4. 35 coul/cm corrosion. They were taken in the
unstressed state at 300X, and show (a) the approximate location
where the ultrasonic beam entered the corroded area, and (b) a
location well inside the corroded area.
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uniformly distributed on the corroded area, whereas for the 7075 most
of the microcracks were located at the edges of the rectangularly corroded
area with only a few scattered in the central region. (c) General galvanic
corrosion (GGC). A very interesting observation was the fact that the GGC
damage for 2219 was negligible compared to that of 7075. Only after the
relatively long exposure of 4. 35 coul/cm 2 was some GGC damage clearly
evidenced. An idea of the relative GGC damage can be obtained by com-
paring Figs. D. 12 and D. 13 with the pictures of 7075 in previous quarterlies
(e, g. Fig. D. 15, D. 16, D. 18, and D. 20 of the Fourth Quarterly Report).
For similar exposures the areas around the microcrack are almost free of
GGC damage (pits) in the case of 2219, but definite attach is present in the
case of 7075.
The ultrasonic results were analyzed and plotted in Fig. D. 14. The
ultrasonic attenuation is plotted as a function of the amount of corrosion. No
SCC attenuation data in the stressed state was obtained beyond an exposure
of 0. 8 coul/cm2
 because the second reference echo was so highly attenuated,
In general, the graph indicates an increase in the SCC damage with increasing
exposure where the stressed state has a much greater ultrasonic sensitivity
than the unstressed state. However, some differences from the 7075 are as
follows:
(a) Relation of damage to exposure. The data for 2219 show more
scatter and seem to indicate stepwise increase in the SCC damage with
increasing exposure. This was not observed in the case of 7075 which showed
a smooth monotonic increase. This aspect will be explored in more detail.
(b) Incubation period. There does not appear to be any incubation
period for 2219 except for possibly a small (ti 0.05 soul/cm2) detectability
threshold in the unstressed state. The corresponding incubation period for
7075 is about 0. 2 coul/cm 2. This is clearly demonstrated in the oscillogram
(Fig. D. 9(b)) where a definite echo is present from the corroded area after
an exposure of only 0.058 coul/cm2 which is one quarter of the incubation
period for 7075.
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(c) SCC life. Exposures of 2219 samples showed that the time-
to-failure for U-bend specimens is longer than for 7075. Also, the
samples do not fail in the same catastropic way as the 7075, but rather
fail in a stepwise manner.
The failure behavior of 2219(T37) was discussed in section C of
the Fifth Quarterly Report and was shown in Fig. C. 32 which was a
typical load versus time relationship. We pointed out that the discontinuous
failure of 2219 results from the halting of crack propagation when a crack
comes to the end of a suitably oriented grain boundary. An additional
incubation time is then required to nucleate a crack in the new grain
boundary. In 7075, once a crack has begun to propagate it continues until
the failure is complete. This periodic behavior of 2219 is a possible
explanation for the stepwise scatter of the data of the SCC attenuation shown
in Fig. D. 14. Another implication of the periodic behavior of this alloy is
the definition of the SCC life. In the experiments of section C of the last
quarterly, the time-to-failure for 2219 was taken as the time for the applied
load to drop to 807 of its original value, rather than the time to complete
failure. However, in connection with the NDT experiments, both methods
of defining the SCC life should be considered. This is necessary in order
to express the various exposures in terms of percentage of SCC life.
C. SCC Tests at 60^. of the Yield Strength
Ultrasonic results for typical tests are shown in Figs. D. 15 and
D. 16. The three oscillograms of Fig. D. 15 correspond to (a) reference
•	 state, (b) stressed state after an exposure of 0. 41 coul/cm , and (c)
unstressed state. The SCC damage is shown by echoes from the corroded
area and attenuation of the second reference echo (Fig. D. 15(b) ).
	
•	 Figure D. 16 is a similar series of oscillograms after an exposure of
3. 1 coul/cm 2 . Echoes are present from the corroded area and the second
	
•	 reference echo is highly attenuated in the stressed state (Fig. D. 16(b) )
and partially attenuated in the unstressed state (Fig. D. 16(c) ).
The corresponding microscopic examination of the corroded areas
are shown in Fig. D. 17. Figure D. 17(a) and (b) are photomicrographs of
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(c)
Fig. D. 15	 Oscillograms illustrating the effect of SCC at 607 of the yield
strength and 0. 57 ma/( , m 2 for 2219(T37).(a) Reference oscillogrym
(h) After 0.41 cowl/cm had passed - stressed state(c) After 0. 41 coul/cm 2 had passed - unstressed state.
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F ig. D. 16	 Osci llograms i llustratingthe effect of SC at 607 of the yield
strength and 0. 57 ma/cm 2 for 2219('I'37)(a) Reference oscillogram
(h) After 3. 1 Coul /cm 2 had passed - stressed state(c) After 3. 1 coul/cm 2 had passed - unstressed state.
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Fig. D. 17 Photomicrographs of typical regions on the surface of U-bend
specimens illustrating the effect of SCC for 2219(T37) at 60°7
of the yield strength after (a) 0. 41 and (b) 3. 1 coulombs /cm2
corrosion. They were taken in the unstressed state at 300X.
_78_
Y
s'
'fir.
. r	 v:
q	 gr ^	 1
..:	 , , ,.	 ;:> t, ..	 .,.. ,..__.	 ^i':Y^x" :3 r9.4.^?J^^&kRJ?fir: .^... f'.-.• . ,:	 .. _^	 ,.. ,.	 .d^.^:r"_	 ,.Y
the surface of the corroded area after exposures of 0.41 and 3. 1
coul/cm2 , respectively. The pictures of the 2219 specimens tested
at 607 of the yield strength are similar to those tested at 907 of the
yield strength and exhibit the same differences from 7075. The
specific differences were detailed in the foregoing section.
The ultrasonic result,,.,. were quantitatively analyzed and plotted
in Fig. D. 18. This figure has the same coordinate axes as Fig. D. 16.
Again no SCC attenuation data could be obtained beyond an exposure of
1. 1 coul/cm2 because the second reference echo was totally attenuated.
In general, Fig. D. 18 indicates an increase in the SCC damage with
increasing exposure with a much greater ultrasonic sensitivity in the
stressed than in the unstressed state. However, the relative slopes of
the stressed and unstressed states are smaller than the corresponding
slopes of Fig. D. 16 for the case of 90970 of the yield strength. Figure D. 18
exhibits the same differences as Fig. D. 16 when compared with 7075.
The specific differences and the detailed discussion were given in the
previous section and will not be repeated here except for a comment about
the incubation period. From Fig. D. 18 it appears possible there is an
incubation period of about 0. 1 cowl/cm 2 for both the stressed and unstressed
states. However, the crucial point for the present purpose is that damage
is very readily detected even when only slight.
The same difficulties obtaining time-to-failure data are present
here as in the case of 2219 for 9070 of the yield strength except the SCC
life is much longer.
V. SUMMARY
A summary of our principal observations is given below:
(a) Initially, SCC is detected in 7075(T651) after approximately
a 0. 2 coul/cm incubation period at 907 and 6097 of the 0. 27 offset
yield strength.
F
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(b) After onset of SCC in 7075, the attenuation increases
approximately linearly with further corrosion.
(c) There is little if any incubation period for the detection
of SCC in 2219(T37).
(d) The increase in attenuation in 2219 is not as smooth as for
7075, but it does increase with more corrosion.
(e) The attenuation is higher in the stressed state than in the
released state for all cases - 607 and 907 stress levels and 2219
and 7075.
(f) The time-to-failure for 2219 is not as well defined as for 7075.
(g) Micrographs of the surface indicate little GGC for stressed
2219 compared with 7075.
(h) The attenuation of Rayleigh waves for 2219 and 7075 is about
the same for the rolling direction but is slightly nigher for the 7075 in the
long transverse direction.
(i) The resolution of our ultrasonic equipment to closely spaced
reflectors is 1.5 mm.
(j) Variation of the sample geometry and the origin of the material
from which the U-bend is cut are important in setting the stress levels,
especially at 907 of the yield strength.
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SECTION E
WORK IN NEXT QUARTER
(See Program Planning Chart)
I. MECHANICAL TESTS. Up-to-date. Completed except for the
routine measurement of physical properties of pure alloys as required.
In addition, we are doing electron microscopy on pure alloys strained
in the microscope.
11. ELECTRON MICROSCOPE'. Up-to-date.
111. CORROSION TESTS. All the polarization curve and weight loss
studies are up-to-date.
IV. STRESS CORROSION TESTS. Experiments with pure alloys have
been delayed because the results with 7075 have merited more interest
than was originally projected.
V. NON -DESTRUCTIVE TESTING. Up-to-date, as amended during the
previous quarter. However, it was not possible to begin the studies on
coupling reproducible reflectors to the surfaces.
The following experiments are planned in the next quarter:
(a) Metallurgical characterization (including mechanical tests and I
electron microscopy) is aimed specifically at examining the mechanism of
deformation of Al-Zn-Mg alloys. Final experiments on the features of the
fracture surfaces of air-deformed samples will be made, using replication
techniques and electron microscopy.
(b) Corrosion. The studies on the effect of Cu on the corrosion of
AI-Zn-Mg will be completed.
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(c) Stress Corrosion. The effect of cathodic protection conditions
on the subsequent life of 7075-T6 in stress corrosion tests will be examined.
Studies on this alloy will also include the effects of load, temperature, and
anion onto the true stress corrosion life of this alloy.
Studies of current transients during potentiostatic stress corrosion
experiments will begin. Experiments will be made initially with 7075.
Subsequently, studies will be made with A1-Zn-Mg, 2219 and A1-4 Cu.
(d) Non-Destructive Testing. Tests on the detection of SCC on
2219-T37 will be continued. The relation between wave-attenuation and
stress corrosion will be determined more fully. Studies will be made
at 6070 and 9070
 of the 0. 2% offset yield point. The directionality of the
reflections from stress corrosion cracks will be explored.
The reproducible coupling of reflectors to sample surfaces will be
studied, along with the effects of coupling medium, coupling pressure and
the state of the sample surface to be coupled.
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TOTAL MAN-HOURS EXPENDED
December 1, 1967 - February 29, 1968 	 2,295
Continue with the selected method.
Investigate different frequencies
and different SCC conditions
PROGRAM PLANNING CHART
PROJECT	 1st Quarter	 2nd Quarter	 3rd Quarter	 4th (quarter
Mechanical Tests
L(2). I.
Measurements of the activation volumes on
7075-T73 and 2219 -T4
Measure mechanical properties of pure Al-4 Cu
and Al -4.5 Zn-1.5 Mg
Electron-Microscopy
	 Corrosion of thin, aged foils of Al-4 Cu to
examine mode of attack. In situ straining}	 of thin aged foils of Al-4 Cu
I—Age-hardeningofAl-4.5 Zn-1.5 Mg T7_
L(3)
	
Fractography
Corrosion Tests
	 Further studies of i - E curves for 2219, 7075, Al,
CuAl2. Studies of MgZn2 , M9 2A13. Also weight-
loss data
C1 penetration measurements on the oxides on alloys, Al and
intermetallics
Oxide capacity and conductance measurements with the :alloys and
I. (1)	 intermetallics
Stress Corrosion	 Further studies of SCC of 7075. Including the
Tests	 effects of potential, mass transport, stress-
level, direction, pH, and temperature
Similar further studies of SCC on 2219
SCC studies with AI-4 Cu
SCC studies with Al-4.5
1. (2), I. (3) Zn -1.5 Mg
Non-Destructive	 Studies with ultrasonic and eddy currents with
Testing	 samples of 7075 to differentiate between effects
of pure corrosion and stress corrosion cracking
damage. Effect of applied stress during the
measurement will be considered
Effect of type of surface and its finish
on Rayleigh waves and eddy currents
including" rough machined" and "as
forged" with bare and painted surfaces
.
4
NDT of Al-2219 with
U-bend sample	
as
Investigate different geometries
such as might occur with fabricated
parts
NASAII
Examine fabricated
parts supplied by
